Reconstruction of chest wall chondrosarcoma with an anterolateral thigh free flap: An illustration of decision-making in chest wall reconstruction  by Shahzad, F. et al.
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INTRODUCTION:  Chondrosarcomas  are  the  most  common  primary  chest  wall  malignancy.  The  mainstay
of  treatment  is radical  resection,  which  often  requires  chest  wall  reconstruction.  This  presents  numerous
challenges  and  more  extensive  defects  mandate  the  use  of  microvascular  free  ﬂaps.  Selecting  the  most
appropriate  ﬂap  is  important  to  the  outcome  of  the  surgery.
PRESENTATION OF  CASE:  A 71-year-old  male  presented  with  a large  chondrocarcoma  of  the  chest  wall.  The
planned  resection  excluded  use  of the  ipsilateral  and  contralateral  pectoralis  major  ﬂap  because  of size
and  reach  limitations.  The  latissimus  dorsi  ﬂap  was  deemed  inappropriate  on  logistical  grounds  as  well
as  potential  vascular  compromise.  The  patient  was  too  thin  for reconstruction  using an  abdominal  ﬂap.
Therefore,  following  radical  tumour  resection,  the  defect  was  reconstructed  with  a  methyl  methacrylate
polypropylene  mesh  plate  for  chest  wall  stability  and  an  anterolateral  thigh  free ﬂap  in a single-stage
joint  cardiothoracic  and plastic  surgical  procedure.  The  ﬂap was  anastomosed  to  the contralateral  internal
mammary  vessels  as the  ipsilateral  mammary  vessels  had  been  resected.
DISCUSSION: The  outcome  was  complete  resection  of  the tumour,  no  signiﬁcant  impact  on  ventilation
and  acceptable  cosmesis.
CONCLUSION: This  case  demonstrates  the  complex  decision  making  process  required  in  chest  wall  recon-
struction  and the  versatility  of the  ALT  free  ﬂap.  The  ALT  free  ﬂap  ensured  adequate  skin  cover,  subsequent
bulk,  provided  an  excellent  operative  position,  produced  little  loss  of  donor  site  function,  and  provided
an  acceptable  cosmetic  result.
© 2013 Surgical Associates Ltd. Published by Elsevier Ltd. Open access under CC BY-NC-ND license. . Introduction
Chest wall neoplasms account for 5% of all thoracic tumours,1
ith the most common primary chest wall malignancy being chon-
rosarcoma. Chondrosarcomas usually originate from the anterior
hest wall – from either the costochondral junctions or sternum.
hey have a wide age range of presentation but typically occur
n patients 30–60 years old. They are slightly more common in
ales, with a male to female ratio of 1.3:1. Chondrosarcomas can
resent as painful or painless chest wall masses.2 At the time of pre-
entation, 10% have pulmonary metastases.1 The overall ﬁve-year
urvival rates are greater than 60% but may  be over 80% in patients
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Open access under CC BY-without metastases. Poor prognostic factors include an age over
50 years, incomplete resection, synchronous metastases, and local
recurrence.2
It has been shown that radiotherapy or chemotherapy may  not
be very effective in treating chondrosarcomas,3,4 particularly when
low grade. The mainstay of treatment for chondrosarcomas, where
possible, is complete excision sometimes with adjuvant therapy.
In such cases, the primary aims of chest wall reconstruction are
to ensure stability and good physiological functioning of the chest
wall, as well as soft tissue closure of the defect. Good cosmesis is
also a consideration. Loco-regional ﬂaps are often the ﬁrst choice
for soft tissue coverage but due to the extensive resection often
required part of the ﬂap may  be resected during tumour extirpa-
tion and their vascularity is often compromised. Furthermore, if
the ﬂap blood supply is tenuous there may  be necrosis at the dis-
tal end and this can expose underlying organs leading to serious
complications. Sometimes these patients have had radiotherapy
making local ﬂap options unreliable. For these reasons, some com-
plex reconstructions require the use of microvascular free tissue
transfer ﬂaps.5
  NC-ND license. 
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. Case report
A  71-year-old male presented with a two-month history of an
symmetrical chest wall due to a large, slow-growing, painless
ight-sided mass. The patient was a non-smoker, otherwise well
nd was a keen tennis player.
A  chest CT scan (Fig. 1a) revealed features of a chondrosarcoma
hich impinged on the ﬁrst and second ribs, manubrium, sternum
nd subclavian vessels. Abdominal and pelvic CT scans showed no
Fig. 1. (a) CT scan showing right-sided mass onPEN  ACCESS
rgery Case Reports 4 (2013) 669– 674
evidence of metastatic disease. A pre-operative core biopsy of the
mass conﬁrmed a grade 2 chondrosarcoma. The overlying skin was
freely mobile (Fig. 1b).
The  patient was reviewed at the sarcoma multi-disciplinary
team (MDT) meeting, where surgery was recommended in prefer-
ence to primary radiotherapy or chemotherapy. He would require
skeletal and soft tissue reconstruction and thus he was referred to
the plastic surgery service. On assessment, a decision was  made to
use the contralateral anterolateral thigh (ALT) free ﬂap. The advice
 chest wall and (b) pre-operative photos.
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Fig. 2. (a) Incision for access to chest wall and post-excision and (b) left anterolateral
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ohigh  ﬂap donor site.
f an orthopaedic surgeon and a vascular surgeon was sought in
ase the patient needed further bony excision or resection of the
ubclavian vessels.
.1.  Surgical details
After  intubation with an endotracheal double-lumen tube, the
atient was positioned in the oblique supine position in order
o allow adequate access for the resection both anteriorly and
osteriorly. The patient was kept in this position throughout the
rocedure. Access was gained via a curvilinear incision jointly
greed by the plastic and cardiothoracic surgeons (Fig. 2a).
To  avoid disruption of the sternoclavicular joint the manubrium
as partly divided. An en bloc resection of the mass including most
f ribs 1–3 and part of the sternum was performed. The mass wasFig. 3. (a) Resected tumour and (b) site of resection approaching subclavian vessels.
successfully dissected off the subclavian vessels (Fig. 3). Histology
of the excised mass revealed a 16 cm × 8 cm × 8 cm lobulated, well
circumscribed cartilaginous tumour replacing the second rib. There
was no inﬁltration of the pectoralis muscles anteriorly or the pleura
posteriorly and the resection margins were clear.
Simultaneously, a fasciocutaneous ALT free ﬂap incorporating
a segment of the vastus lateralis muscle was  harvested from the
patient’s left contralateral thigh (Fig. 2b).
The contralateral internal mammary recipient vessels were
exposed using a standard total rib-sparing technique.6 A methyl
methacrylate polypropylene mesh sandwich was fabricated and
sutured to the ﬁfth rib inferiorly and the sternum medially. It was
felt that this would provide a stable base and avoid any risk of
impingement on the clavicle and subclavian vessels which may
have occurred if it had been taken higher. The ALT ﬂap was  success-
fully anastomosed to the internal mammary vessels end-to-end,
with the ﬂap pedicle positioned superﬁcial to the sternum to enable
easy exposure in case of subsequent re-exploration.
2.2. Post-surgery
Post-operatively, he spent two days on the ICU and was
discharged home on day 11. There were no signiﬁcant respira-
tory complications. He developed a small seroma under the ﬂap
donor site, which was  periodically aspirated. At six months post-
operatively, he remains well and has an excellent range of shoulder
movement. The cosmetic result was acceptable (Fig. 4).3.  Discussion of ﬂap choice
Chest wall reconstruction has many challenges. It needs to be
durable, strong, airtight and must not be detrimental to ventilatory
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echanics. Whether or not reconstructive surgery is indicated
epends on several factors; for instance, large tumours of the
hest wall require large resections which cannot be closed directly
nd hence need to be reconstructed.7 Rib resection may  require
econstructive surgery.8 Small defects do not need reconstruction.
lternatives for skeletal reconstruction comprise biological or
rtiﬁcial mesh sheets, cement and more recently artiﬁcial metal
ibs.9,10 Metal ribs may  compromise future radiotherapy and
hould only be used if there is great conﬁdence regarding the
argins. Previous radiotherapy compromises healing, which
ay be improved by the use of nonadjacent ﬂaps. The patient’s
ody habitus also plays a role in determining reconstructive ﬂap
hoice.
This patient posed a number of challenges and provided a per-
inent example of the decision-making process involved in ﬂap
election. A local ﬂap could not be used for this patient becausePEN  ACCESS
rgery Case Reports 4 (2013) 669– 674
the  ipsilateral pectoralis major ﬂap had to be resected with the
tumour, while the contralateral pectoralis major was too short,
whether used as an advancement or turnover ﬂap, to sufﬁciently
ﬁll the defect.
Regional ﬂaps which were considered included a transverse
rectus abdominis myocutaneous (TRAM), thoracodorsal artery per-
forator (TAP), intercostal artery perforator (ICAP), and the greater
omentum. The TRAM ﬂap was not ideal as an abdominal wall
operation sacriﬁcing an important muscle, in combination with
an extensive thoracotomy involving multiple rib resection and
partial sternectomy, would further compromise the patient’s ven-
tilatory mechanics. The right internal mammary vessels had also
been sacriﬁced. Furthermore, the rectus abdominis ﬂap would also
weaken the abdominal wall and potentially lead to other compli-
cations such as hernia formation.11 Besides the patient was thin
so had insufﬁcient abdominal laxity to enable the harvest of a
TRAM ﬂap. The ICAP ﬂap, although it would spare the abdomi-
nal musculature, relies on the presence of excess lateral truncal
tissue, which the patient lacked. The greater omental ﬂap would
provide sufﬁcient coverage12 but requires a split skin graft as
well as a laparotomy and has no rigidity. A laparotomy would
further compromise respiratory mechanics and has risks of intra-
abdominal complications.13,14 The patient had insufﬁcient bulk on
his back so the TAP ﬂap was not feasible with or without muscle
(Fig. 5).
Free ﬂap options in this instance included the latissimus dorsi
(LD), ALT, tensor fascia lata (TFL) and deep inferior epigastric
perforator (DIEP). Practical considerations in free ﬂap chest wall
reconstruction need to include; where the anastomoses would be
made, the pedicle length, the volume of the ﬂap, and the skin pad-
dle size. The ﬂap pedicle could not be anastomosed to vessels on
the same side of the chest as these had been either sacriﬁced dur-
ing the tumour resection (internal mammary and thoracoacromial
axis) while attempting anastomoses to the subclavian vessels or its
tributaries carried too high a risk of venous thrombosis following
the substantial dissection trauma to it. The LD ﬂap was a viable
option15 but the logistics of the positioning of the patient would
provide hindrance to the cardiothoracic and plastic surgeons oper-
ating simultaneously. The tumour was large (Fig. 3a) and reached
the subclavian vessels (Fig. 3b) so resection or blunt damage to the
vessels further excluded an ipsilateral pedicled LD ﬂap, due again
to the high venous thrombosis risk.
Pre-operatively, a core biopsy performed through the skin man-
dated the sacriﬁce of the surrounding skin (at least 5 cm margins)
and any ﬂap had to possess enough skin to replace what was
removed during the tumour resection. An LD free ﬂap would
provide insufﬁcient skin coverage without resorting to split skin
grafting of the donor site, a usually undesirable proposition in
chest wall reconstruction because of patient positioning post-
operatively, subsequent poor skin graft take and poor donor site
cosmesis. The TFL ﬂap, although it does have many of the advan-
tages of the ALT ﬂap, is a short ﬂap measuring 4–6 cm long,16
making it unsuitable. The DIEP free ﬂap was  excluded due to insuf-
ﬁcient abdominal bulk (Fig. 5).
The ALT free ﬂap has been shown to be reliable in complex chest
wall reconstructions with or without radiotherapy.5 It was  the best
option in our case as it provided ample skin and soft tissue as well as
minimal donor site morbidity.17,18 There is little functional deﬁcit
with this ﬂap as the potentially damaged vastus lateralis functions
as a synagonist with the other three knee extensors, leading to little
functional loss. The ALT free ﬂap has a large skin area which can be
harvested even with the use of only a single major perforator.19,20Additionally, the patient did not have to be turned during surgery as
the ALT ﬂap is harvested in the supine position with simultaneous
resection of the tumour. It is based on large vessels ensuring easier
microvascular surgery.
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6.  Malata CM,  Moses M, Mickute Z, Di Candia M.  Tips for successful microvascu-Fig. 5. Pre-operative phot
. Conclusion
Herein, this case demonstrates the decision-making process
nvolved in ﬂap selection and further highlights the versatility of
he ALT free ﬂap. The challenges involved in chest wall reconstruc-
ion, the ﬂap options available, and the possibilities for recipient
essels are outlined. The ALT free ﬂap ensured adequate skin cover,
ubsequent bulk, provided an excellent operative position, pro-
uced little loss of donor site function, and provided an acceptable
osmetic result.
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